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(54) NEUROMUSCULAR 
BLOCKING AGENTS 

(57) Short acting reversible 
neuromuscular blocking agents of the 
formula: 




where B and C are para or preferably 
meta, and each is 



0 

il 

-(CIU) -C-0-(CH, ) 




where m is 2, 3 or4 and is preferably 2 

R 2 , R„ R«, R Jt R 6 and R 7 are the 
same or different and are hvdroeen or 
alkoxy of 1 to 4 carbon atoms, Y is 
alkyl of I to 4 carbon atoms, n is 2, 3 or 
4. most preferably 3, provided that at 
least one of R, to R 4 and one of R 3 to 
R 7 is lower alkoxy, and X is a 
pharmaceutical!)' acceptable anion are 
useful upon administration to a patient 
in providing muscular relaxation in the 
patient during surgery and are 
normally intravenously administered 
in a pharmaceutical!)' acceptable 
carrier. 
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SPECIFICATION 

NEUROMUSCULAR BLOCKING AGENTS 
Background of the Disclosure 

du^'u^ - »«■ - P~** ^ ™-u,ar relation 

depolJrizTnr' ^ ^ ^ ^ ° f nCUr ° mUSCU,ar locking agents in use. non-depolar'izing and 
toxife r rine n ° n " dePOlari7ing ^ inC,ude ^""ocurarine. pancuronium, gal.amine. diallyltoxiferine and 

appr^ciSaf^^ 
'0 ™, U f~J , i r ™!* Sho ," duraIio " of "lion is defined as less !han about 10 minu.es in t he monkey 

The depolarizing agents due to that mode of action which initially causes skeletal m,,^ 
is .JSc^ « »>• nondepolarizing a E en,s. 

Reference should also be had to the followine articles- 

^ U.S. Patent No. 3.4 19.099, for a further description of neuromuscular blocking agents. 
Brief Description of the Disclosure 
relaJnfs^ro^ 

reversibiluy needed ,o mee, ideal cLc.l *„'° u s ??J„\tZT 
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The neuromuscular blocking agents of this invention are represented by the formula (I) 

(0 



where C is most preferably meta to B as in formula (II) 



(ID 



5 or C is para to B as in formula III 



and where B and C are each 



0 

II 

-(CH_) -C-O-CCH.) 

2 in 2 n 




5 



where m is 2, 3 or 4, and is preferably 2, R H R 2 , R 3 , R 4 , R 3 , R 6 and R 7 are the same or different and are 

10 hydrogen or alkoxy of 1 to 4 carbon atoms (methoxy, ethoxy, propoxy or butoxy), Y is alkyl of 1 to 4 10 
carbon atoms (methyl, ethyl, propyl or butyl), n is 2, 3 or 4, most preferably 3, and X is a 
pharmaceutical^ acceptable anion, provided that at least one of R x to R 4 is always lower alkoxy and at 
least one of R 3 to R 7 is always lower alkoxy. The preferred compounds of this invention are those in 
which R 3 to R 7 are each lower alkoxy. 

15 Of the compounds of the invention, the most preferred are the compounds of formula II or III 15 

where Y is methyl, m is 2, n is 3, R 3 , R* and R 7 are methoxy at the 3, 4 and 5 positions of the phenyl 
portion of the benzyl group, R x to R 4 are hydrogen and R 2 and R 3 are methoxy since these compounds 
appear to be less quickly hydrolyzed than the dimethoxy benzyl compounds and the meta compound 
(formula II) is even more preferred than the corresponding para compound because it is significantly 

20 shorter acting. The most preferred compounds also exhibit minimal side effects and high potency. ' 20 
Of the anions of the invention, the following^are examples of those which are suitable: iodide, 
mesylate, tosylate, bromide, chloride, sulphate, phosphate, hydrogen phosphate, acetate, benzene 
sulphonate, nitrobenzene sulphonate, naphthylene sulphonate, and propionate. The mesylate and 
chloride cations are most preferred because of the-6blubility of the salt made therefrom in water. Since 

25 the activity is in the cation portion of the compound, the nature of the anion is unimportant as long as it 25 
is pharmaceutical^ acceptable. 

The compounds of formula I, II or III are used as neuromuscular blocking agents in conjunction 
with surgery or for intubation of the trachea by conventional parenteral administration, e.g. 
intramuscular or intravenous administration in solution. The compounds of the present invention shown 

30 in formula I, II or III are administered to patients such as monkeys and man (humans) and other mammals 30 
to achieve a neuromuscular block. The dosage for each type of patient will vary because of the 
peculiarities of the species. However, a suitable intravenous amount or dosage of the compounds of 
formula I, II or III for monkeys would be 1.0 to 4.0 mg/kg of body weight, and for a man 0.2 to 3.0 mg/kg 
of body weight, and most preferably 0.5 to 1 .5 mg/kg of body weight, the above being based on the 

35 weight of the cation which is the active ingredient. 35 
The dosage for intramuscular administration is two to four times the intravenous dose. The 
compounds of this invention would normally be readministered every 5 to 20 minutes preferably 5 to 15 
minutes after initial administration or given as a continuous infusion depending upon the length of time a 
muscular block is desired, and as determined by the anaesthetists and surgeon in charge of the patient. 

40 The compounds of this invention are reversible using conventional anticholinesterase agents such as 40 
neostigmine and edrophonium and appear to avoid the side effects associated with the depolarizing 
agents. 

The compounds of formula I, II or III are therefore useful for producing a short duration 
neuromuscular blockade, and the present invention provides a method of producing such blockade in 
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mammals, e.g. man or monkeys, by intravenously injecting a dose of 0.05 to 4.0 mg/kg to the mammal 

The SnSTmat beL ^""^ 3 P harmaccutical formulation for parent admin" rS ' 
1 He lobulation may be an aqueous or non-aqueous solution or emulsion in a pharmaceutical 

Senino ,qU 'f " mMU J? ° f ,iquids ' which ™> contain bacteriostatic agent's, an'ox dants buffers 
th.ckenmg agents, suspending agents or other pharmaceutical^ acceptable additives Such m HtTons < 

ZZT " PreSSn L ed " nit , d ° Sage f ° rmS SUch as am P° uIes or disposable injec ion devtec in 5 
fTmul^^ the «PP^ <o,e may be withdrawn. A „ such 

Tne compounds of this invention may be presented as a powder e.g.. as a unit dose in a sealed vial to 

A Shl Watei ; 0 H r ° ther ? »™"*«tically acceptable sterile liquid vehicle mav be added by a needle ,0 

abou^O m. to 2£ H° T % ne ^™ scuIar b '° Ck f ° r mammals - humans or monkeys '° 

aoout iu mg to 400 mg and most preferably 50 to 300 me 

depoTa"w„^ ^ be ~ ad ™— d in conjunction with other non- 

which Al ^, m v P i! and P re 5 , : redformu ' a tion is a solution of the compound of formula I, II or III in water 
nvrn? 7 prepared by '""P 1 * dissolving the compound into previously sterilized pure water i e 
20 Py Tu" freC WatCr Under 3Septic conditions and sterilizing the solution 

or a S™°.o« 3,SO bC adminiStCred 3S a " ^ ofa d —e solution 20 

n; m Jh HC i co 1 m P°^ ds iD a y also be administered in other solvents such as alcohol, polyethyleneglvccl and 
S ffi U P , t X nn S 3 S ° bC administer cd intramuscu.ar.y as a suspension' The" compounds 
(tormula I, II or III) of this invention may be prepared by the following methods: 



10 



15 



25 Method 1 



30 



snh,t?t?,?^ I 3 y L 01 , S ° qUin0lineS 3re P repared in th c customary fashion from appropriately 3 
subst. uted phenylethylam.nes and phenylactic acids by the Bischler-Napieralski reaction The tertiarv 
benzylisoqu.nolme is quaternized with an appropriate a-bromo-^-chloroalkane, . Todo^Jhlo oalkane 
or a-.odo-c-bromoalkane. The resulting N-methyl, N^-haloalkvI-l-benzvltetrahydroisoquinol nfum 
JnH ld h \ ?■ watei :. wlth the «Jver salt of the appropriate dicarboxvlic acid. yield7n/slK ,n 
and the benzyhsoqumo I.nium salt of the acid. This salt rearranges to the correspondffi^ 3 ° 
for example the generalized reaction is illustrated using u-bromo-^-chloroalkane as follows- 





7hf* m S (CH > 2 ^ R ' t0 R J 3re 35 defined aboVe ' ° ther salts are Prepared by conventionally reacting 

5 mesvS The" 'T T T^"^ W ! th an a PP ro P riate of ?hc desired antonec silver 

:> mesylate. The temperature for rearrangement is preferably 90° to 140°C. 

Method 2 

The bis-acid chloride of an appropriate phenylene dicarboxylic acid is prepared in the usu-il fa.hi ™ 
by treatment of the acid with thionyl chloride. The acid chloride is estcrifie vkh an ! > 
hydroxy-c-.odoalkanc, yielding the desired phenylene diacyl bis-„-iodo^ appropriate «- 

COO ( CH 2 ) n I 

10 f 2 

I ♦ 2 H CI 

— 6 



5 



10 



The diiodoester is refluxed with an excess of e.g. two moles of an appropriate l-bcnzyltetrahydro- 
lsoquinohne prepared in standard fashion by the Bischler-Napieralski reaction as described in Method 1 
The desired bis-benzylisoquinoline diiode (disalt) is obtained: ° ,n Metnoa 1 ■ 
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6 ^ 



20 



25 




r 

!^5 iS and . R ' to R ' are def ined as above. The desired salts are then prepared in a 

conventional ion exchange react.on as described in Method 1. Bromine or chlorine may be substituted 
5 for iodine in the a-hydroxy-c-iodoalkane if desired and the reaction run as above. s "^t,tuted 

Method 3 

with7h^%n P n P r r n°n Pria , te ' -f e . nz y ,tet ^ydroisoq uinoline prepared as described in method 1 is quaternized 
with the appropriate »-ha!ogeno-o>-hvdroxyalkane. wuaicrmzea 

in » rn Z h ,- S l T °f eSS m u-' bC Ca T ed ° Ut in 3 Variet - V of solvents (e.g., acetonitrile. lower alcohols DMF 
10 aromat.c hydrocarbons, etc.) over temperature ranging from ambient to reflux. tonols - UM '-. . 



10 




• Method 4 

25 



6 
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Example ( I juddnosinr) 



10 



15 



20 



25 



CH 



BOCH,CH,CH,Br CH 



OCH 3 

2 




HOCH,CH,CH 



tertiary -Amino Alcohol' 



The tertiary amino alcohol is then conjugated with the appropriate acid chloride (obtained as 
described in Methods 2 or 3) under conditions described in Method 3 to yield the desired tertiary ester 
Th,s product may then be treated with an alkyl halide to yield the desired bis quaternary ester as set forth 
above. 

m and />-PhenyJene diacetic acids were commercially available ( Aldrich). m and p-Phenylene 5 
diacrylic acids were prepared through Knoevenagel-Doebner condensation of isophthalic and 
terephthahc aldehydes with malonic acid. Terephthalic aldehyde (150 mM) and malonic acid (180 mM) 

™xe d w 'th pyridine (45 ml) and piperidine (1 .5 ml). The mixture was heated on a steam bath 
(85 —95 ) for 3 hours. The solution was then cooled at room temperature and distilled in vacuum to 10 
remove pyridine The solid residue was washed in hot isopropanol (70°) to remove residual pyridine The 
product, /7-phenylene diacrylic acid, was filtered and dried (M.p. >275°). 

(M p W >275°) yiCne diaCryl ' C aC ' d WaS P re P ared from isophthala'ldehyde in exactly the same way. 

m andp-Phenylene dipropionic acids may be prepared using conventional processes bv catalytic i < 
reduction, e.g., by reacting the corresponding ph.enylene diacrylic acid with hydrogen at 40 to 4< osi 
gauge pressure in the presence of 5% palladium on charcoal in dilute methanol or dimethvlformamide at 
room temperature to 55°C For another method,-see also Wagner & Zook, Synthetic Organic 
Chemistrye 1973, see page 431 for method 26. - 

The compounds ofthis invention may sometimes include water of hydration in various amount e » 20 
I to 5 molecules or more of water per quaternary grouping and it is intended that this invention include'' 
such compounds containing water of hydration. 

The following examples illustrate the invention. Temperatures are in degrees centigrade. 

EXAMPLE 1 

Preparation of Bis-3-[N-methyl-l-(3.4,5-trimethoxybenzyl)-6,7-dimethoxy-l,2.3.4-tctrahvdroiso- 25 
quinolinium) propyl /«-phenylene-3,3'-dipropionate dichloride (HHI 10) 

1 • Preparation of silver w-phenylene dipropionate 
m-phenylene dipropionic acid 4.4 gm = 40 meq 

Hj ° 60 ml 

30 K ° H '» 40 m. 30 



■XaN'O I r xture is heatcd to boilin 8. and, if necessary, 
mixture k . m , = J 40 mM is added lo the y e,low not solutior 
15 cooled and filtered and the filter cake is washed 



', the pH is adjusted to 7.0 with the same acid, 
ition Immediately a heavy precipitate forms. The 
hed with water, refiltered and dried. Yield ^ 



20 



25 
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quantitative. The product is an amorphous, slightly coloured powder. It is pulverised for use in the next 
Preparation of 5'-Methoxylaudanosine 



CHjO 

c„ 3 „2CQ 

CHjO I OCHj 
OCH 3 

together^ h5 ^ ^Yo^^ homoveratrv.a^ine isrefluxed in , 5 m. toluene 

10 the free base liberated by adding ex^ SCparated (POC1 > excess! ) 

dimethoxy-l-(3\4\5^trirnethoxvben 7 vh ? J i Hi?, h extrac ed WIt h benzene. The product, 6.7- m 
an excess of methv iod \ Z T^uat^ 'X'S™* in acetone or benzene with '° 

3,4-dih y drois 0q uin 0 liniu m i 0 Le"re C iS^ 

portions to the boiline stirred solution ThTL c ° ncentrate « H< -'- 2'"^ dust (1.1 gm) ,s added in small 
mixture is filtered St^SlX^^^iTr d, * ap P" r ? < r ' action time '5-20 minutes). The 
impractical to filter the part y prec.pitateS zinS hSJoSdf^.i "''h" ^ Concentrated ^OH. H is 
carefully shaken with chloroform The Residue of Ki i emu 's'°ns. the whole mixture is 

^^^^ 

3 ^^iffi^F^ next step - 

■-B~^ dimethylformamide by warming slightly, 

temperature for 5 davs (Sometimes n^rVnfVh: * 15 ad , ded and the s left at room 

eventually it redissohes) P ° ^ Unreacted ''-methoxylaudanosine crystallizes out, but 

CuatJrtr^^S^d 'SSSJ ^TaTT ^ ^ ^ 
solids are obtained. Yield = 1 } Tgrl "Jgjj ^80% of tneor^ ^'"S eUher f ° r ° ne da > ' low mel ""8 



30 4. 



15 



20 



25 



30 



(CHJ, 0 
CH \ it 

* oc 

\ 




p 



(CH,) 



O CM, 



2'j 

N *- ]t 
CM 



I CCH -i 

2 



M HH— 110 

IN-(-3-chloropropyl)-5'-methoxyIaudanosinium bromide 2.1 gm = 4 mM 
35 Silver w-phenylene dipropionate 0.85 gm = 4 mM 

H 2 0 • about 150 ml - ' 35 
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The mixture is boiled in an open beaker for about 10—15 minutes, stirring by hand from time to 
Ume. At the boiling temperature the silver salt is slightly soluble and reacts with the quaternary bromide 
The mixture is cooled to room temperature, filtered straight and the aqueous solution is evapo'rated to 
dryness in a large dish on a steam bath. Continued heating of the residue is done for about 2 hours on a 
steam bath (90 C), after which rearrangement to the ester is complete* 



\q^ /C h 2 ch 2 ch 2 ci 

CH 2 CH 3 
I -Br" 

< 3 0 T OCH 3 




-2 Ag Br 



10 



Rearranges to ester. HH-110 

n^niln^ 3 ,? 0 ^ 110 ? re ^ dUC iS b0i ' ed With is °P r °P a n°l (about 40 ml) and filtered hot from some trace 

com^S^^Zut% G n UtM pr K C, ^ ate fr ° m thC flItrate at r °° m l ^P"ature and the precipitation is 
"™ p e ed . at a £ out -3° ° v "night. The supernatant is decanted and the material is slurried in ethyl 
acetate twice. By now the gum » semisolid and can be filtered off. After careful drying at 75° the sums 
5"° m Y e - S °' lds - At f th,S >tage they .till probably retain water in varying degrees. Yield = 1 0 gm (about 
40/ o ). Yields vary from batch to batch. M. p. = 80— 90° (decomposes). 1 



10 



15 



Analysis % 


Calculated % 


Found^' 


C 


52.99 


53.22% 


H 


6.46 


5.94 


N 


1.99 


2.00 


I 


18.06 


19.38 



15 



20 



25 



calculations assume 2H 2 0 per quaternary group. 
EXAMPLE 2 

Preparation of BisO-IN-mcthyM-O^J-trimcthoxybcnzyl) 6.7-dimethoxy-1 ,2,3,4-tetrahvdroiso- 
quinoltnium)-propyl/)-phenyiene.3,3'-dipropionatedichloride(HH177) 

I. Preparation of silver p-phenylene dipropionate 
/?-phenylene dipropionic acid 4.4 gm = 40 meq, 
purchased from Aldrich 



20 



25 



H 2 0 

KOH IN 



60 ml 
40 ml 
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10 



15 



20 



30 



A.M?<r ?! ed to boiling, and. if necessary, the pH is adjusted to 7.0with the same acid 

AgNO, 6.8 gm = 40 mM >s added to the yellow hot solution. Immediately a heavy precipitatTfo rms The 
m xture ,s cooled and filtered and the filter cake is washed with water, refiltered and dried Yield 
qu«nt,tat,ve. The product « an amorphous, slightly coloured powder. It is pulverized for use in the next 



2. Preparation of 5'-metboxyiaudanosine 



OCH, 



ho m ove r a,ryla™„e. is r e c, ys „llized from mSo" i^eld L lo% ' ^ 3 -l' S 9 ;'."™' , >'>")'P''"yl««tyl)- 

carefully shaken with chloroform 7^^^^ T'" emuisions - the mixture is 

ether insolubles are filtered off ether Sfrfn^ chlo ™ form f, olut ' on » redissolved in ether and the 

w ^ai which ha r d r s «r3: Si^KJSir.sifssss:" amine is a 



25 3. 



Preparation of N-(3-chloro P ropyI)-5'-methoxylaudanosinium bromide 



HO 



CH 2 CH 2 CH 2 C1 



solids are obtained. Yield = 1 i f gt "bo^ 80% of theory " and,ng ^ ^ Me da ^ ^ 



10 



15 



It 20 



25 



30 



10 
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4. Preparation of>phenylene dipropionate diester of N-propvl 5 f -methoxylaudanosine (HH 177) 
(Horenstein-Pahhcke Ester Formation) " 



H 3 (> T V <CH ) 

J"* 

CH 3 O^Y^OCH 3 



0 

N II 
OC 



xx 



O CH 

, oc 



\ 



CH 



3 CH 2 

I .2C1* 

JTjL " 4H2 ° 

CH 3 O^Y^OCH 3 
OCH, 



5 N.(3-chloropropyI)-5'-mcthoxyIaudanosinium bromidcY.l gm = 4mM 
Silver/>-phenylene dipropionate 0.85 gm = 4 mM 
H *° about 150 ml 



10 



COO'Aq* 



J; 1 



COO Ag* 



CH,0 
CH 



CH 2 X CH 3 
CILjO^Y^oCHj 




Rearranges to eater. HH-177 



1 1 



10 



15 
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! I 



25 



30 



m^h T ,n e a i ? 0rphous res i. due is boiled with isopropano! (about 40 ml) and filtered ho. from some trace 

c^^S^To^!^^ fr ° m fi ! tratC at r ° 0m tem P crat -' the prcriplfai Sn is 
twi« fi ™ °,h overn 'g. ht - The supernatant is decanted and the material is slurried in ethyl acetate 

ol ids At ?£Z£l!Z " nr ,S °t d M nd Ca " bC fikerCd off - After careful drying at 75" the sums become 
YM*i J! I u y ".l" P r L obab| y retain wa ter in varying degrees. Yield - 1.0 gm (abo~ut 40' ) 

Yields vary from batch to batch. M.p. = 80—90% (decomposes) u 

EXAMPLE 3 

I . Preparation of silverp-phenylene dipropionaie 
p-pnenylene dipropionic acid 4.4 gm = 40 mea 
purchased from Aldrich 

H 2 0 



10 



KOH IN 



60 ml 
40 ml 



quantitat.ve. The product is an amorphous, .lightly coloured powder/it is pu^er^i ZtclnL next 



20 2. Preparation of N-(3-chloropropyl) laudanosinium bromide 



20 



CH ,0 ''^^V 

CH CH 2 CM 2 CHjCl Br 



sol.ds are obuined. Yidd = 1.6 gm, abou. 80% of thTory 8 ' h " for one da - v ' low md ""E 

3 ' m^^^t^^^^^^mHw 



CH.,0 
CH 



25 



30 



-2 ^\ S 
DC 



/ 
O CH_ . 
11/ 2 

(CH,) 3 



.?C1" 
.411,0 



35 



N-(3-chloropro P yl ) laudanosinium bromide 2.1 gm = L 
Silver p-phenylene dipropionate 0.85 gm = 4 m.M 
H2 ° about 150 ml 



35 



12 
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The mixture is boiled in an open beaker for about 10 — 15 minutes, stirring by hand from time to 
time. At the boiling temperature the silver salt is slightly soluble and reacts with the quaternary bromide. 
The mixture is cooled to room temperature, filtered straight and the aqueous solution is evaporated to 
dryness in a large dish on a steam bath. Continued heating of the residue is done for about 2 hours, after 
which the rearrangement to the ester is complete. 



COO'Ag* 






CH, 3 




T OCH 3 




OCH 3 


COO Ag* 





C1CH 2 CH 2 CM 2 



2Ag Br" 



COO 
CH 



/ 

2 CM, CH 



X 2 

COO 



OCH 3 

Out""' 

f Y^S)CH 3 



10 



Re arrange a to ester, HH-121 

The amorphous residue is boiled to isopropanol (about 40 ml) and filtered hot from some trace 
mechanical impurities. Gums precipitate from the filtrate at room temperature and the precipitation is 
completed at about -3° overnight. The supernatant is decanted and the material is slurried in ethyl 
acetate twice. By now the gum is semisolid and can be filtered off. After careful drying at 75° the eums 
^a C0 ^- S ?l lds - At , thlS Stage they sti11 P robabl y ^tain water in varying degrees. Yield = 1 .0 gm (about 
40/;). Yields vary from batch to batch. M. p. = 80-^90° (decomposes). 

Analysis: Calculated % Found % 



10 





C 


53.57 


53.62 


15 


H 


6.44 


6.06 




N 


2.08 


2.10 




I 


18.87 


18.87 



15 



20 



Calculations assume 2H 2 0 per quaternary group. 
EXAMPLE 4 

Preparation of Bis-3-[N-methyUl-(3,4-dimethoxybenzyl) 6,7-dimethoxv-l,2,3,4-tctrahydroiso- 

quinolinium] propyl m-phenylene-3,3'-dipropionate dichloride (HH35) 
1. Preparation of silver w-phenylene dipropionate 
m-phenylene dipropionic acid 4.4 gm = 40 meq, 
purchased from Aldrich 



20 



25 



H 2 0 



60 ml 



25 



KOH IN 



40 ml 



13 
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The mixture is heated to boiling, and, if necessary, the pH is adjusted to 7.0 with the same acid. 
AgNO, 6.8 gm-=40 mM is added to the yellow hot solution. Immediately a heavy precipitate forms The 
mixture is cooled and filtered and the filter cake is washed with water, refiltered and dried. Yield = 
quantitative. The product is an amorphous, slightly coloured powder. It is pulverized for use in the next 
step. 

2. Preparation of 3-chIoropropyl laudanosinium bromide 



CH.,CH,CH,C1 



1 Bromn ? n r°h. inC (Aldnch V; 4 gm = 4 ™ M " dissolved in 8 ^ dimethylformamide by warming slightly 
10 ™ I T Pa ,c e 12 ? m (ab ° Ut 100% excess > is added and th « mixture is left at room 

HISS ° r 5d3yS - ( S0metimes P art of the unreacted .audanosine crystallizes out. but eventually it ,0 

The reddish-orange solution is treated with a large amount of ether and the precipitated eummv 

15 3. Preparation of m-phenylene dipropionic diester of N-propyl Iaudanosine (HH35) 1 5 

(Horenstein-Pahhcke Ester Formation) 



CH. (CH 2 ) 3 



oc 



OCH 3 ^2 



y CH 2 

O CH, 
II / 2 
OC 



0 



.2C1 
.4H-0 



N-(3-chIoropropyl) laudanosinium bromide 2.1 gm = 4mM 
20 Silver w-phenylene dipropionate 0.85 gm= 4mM 

H 2° about 150 ml 



20 



tm a f ^T r r 15 iGd m an ° PCn beaker f ° r abQUl 10 ~ 15 minuics, stirring bv hand from time to 

?H e m^» 1 l H emperatUrC thC SilVCr Sah iS Slighl,y SOlubIe " nd ^ wifh the quatcrn^romidc 

The mixture is cooled to room temperature, filtered straight and the aqueous solution is 

steSa^ " ? -Th bath - COntmUed heatmg ° f the rcsid « is done abo" 2 Sours o" a ^5 

steam bath at 90 C, after which the rearrangement to the ester is complete: 




C1CH 2 CH 2 CH 
COO 



CH, / f "OCH^ 



JAg Br" 



CICH^CH^CH, 



/ ©CH, 
CH 2 ^ 



.OCH, 



Rear 



ranges to ester. KH-35 



mech^^^^ 40 m » altered Hot from some trace 

completed at about -3" overnfch : ThS ,un^-t a I a r ° J ° m tem P erature ^nd the precipitation is 

5 acetate twice. B v now the gu™ i ^ emisoHd^nr. ^ V' S n, Cant .f d £ nd J he material is slurricd in ethv < 

become solids. At this s£g! th^ ^ C3refuI drying at 75 ° the * ums 

40%). Yie.ds vary from bafch toVatch" M ^ - (declpK YWd = ' ^ gm (ab ° Ut 

EXAMPLE 5 

1. Prepara "on of silverp-phenylene dipropionate 
p-phenylene dipropionic acid 4.4 gm = 40 meq 



Hl ° 60 ml 

KOH 1N 40 ml" 



15 The mixture is heated to boiling, and if necessirv tii.nU ; r a- . ^ , „ 

20 2 - itt ! c^^ iww «> i -<^'-^ 




"3 

CH 2 



15 
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excess!) and The free base KberaT :d b "ddin excess of '»t^7 r*'!:'!!' """""^ (POCI ' 

5.6,7..trimethoxy-H3' -f-dimelhoxvben™ I 1 J H?fcf j , extracted with benzene. The product, 

with an excess ot melhyl £ Th £ "2 "'^f' t """° u""' " " n "" 6 «e'one or benzene 
n-MM^hydro^^ 

portions to the boilino stirred solution T)L ?, n ■ 5 ' nc dust ( 1 • 1 gm) 15 added in small 
The mixture is filiK^ ! ime I5 ~ 20 minu.es). 

is impractical to filter the parX arSS^ 06 W,th concen fated NaOH. It 

15 carefully shaken wit c'-a ^ Th ' ^ rf^lZ V° l ° emU,sions - the w "°<* mixture is 

ether insolubles are filu d off The ether" re Hn In chlo ™ form ?°"ut.on is redissoived in ether and the 
. U m,„ y materia, which hardens ZJ^^cJS a^i^^ed m the^t S ™ ^ ' 

3 ' s'Merho^v.f H N - (3 - chIo 1 r °P r ° Pyl) - 5 - methox y laudanosinium bromide 
20 l-B^nS!^ 

„ quate^saU^S^ the precipitated g umm y 

25 solids are obtained. Yield = 1 .6 gm, about 80% of theory 8 " f ° r ° ne day ' '° VV melting 

4 &s 



10 



15 




CM, CM 

.2C1" 
.4H,0 

OCH 3 



30 N-(3-chIoropropyl)-5^^ 

Silver/7-phenylcne dipropionate 0.85 gm = 4 mM 
H2 ° about 150 ml 



LL37 

!.l cm ^ 4m M 

30 



35 



hand from ,, me lo 

The m.xture ,s cooled to room temperature filtered I straiSt n^H^ reac,s W|lh the quaternary bromide, 
dryness in a large dish on a steam bath Con inued I hea tint nf ,1 " lc ^ ueous solutio " is evaporated to 
steam bath (90-Q. after which rearrangemenUo the ellef is com P "'te- ' " ^ ab ° Ut 2 h ° UrS °" a 



35 




Rearrange* to eater. LL37 

The amorphous residue is boiled with isopropanol (about 40 ml) and filtered hot from some trace 
mechanical impurities. Gums precipitate from the filtrate at room temperature and the precipitation is 
completed at about -3° overnight. The supernatant is decanted and the material is slurried in ethyl 
5 acetate twice. By now the gum is semisolid and can be filtered off. After careful drying at 75° the gums 5 
become solids. At this stage, they still probably retain water in varying degrees. Yield = 1 .0 gm (about 
40%). Yields vary from batch to batch. M.p. = 80 — 90° (decomposes). 

EXAMPLE 6 

Preparation of Bis-3-[N-methyl-l-(3,4,5-trimethoxybenzyl)-5,6,7-trimethoxy-U2,3,4-tetrahydroiso- 
10 quinolinium) propyl p-pheny!ene-3,3'-dipropionate dichloride (KK194) 10 

1. Preparation of silver/?-phenylene dipropionate 
p-phenylene dipropionic acid 4.4 gm = 40 mEq- ~ * 

H 2 0 60 ml 

KOH1N 40 ml 

15 .The mixture is heated to boiling, and, if necessary, the pH is adjusted to 7.0 with the same acid. 15 

AgNd 6.8 gm=40 mM is added to the hot solution. Immediately a heavy precipitate forms. The mixture is 
cooled and filtered, and the filter cake is washed with water, refiltered and dried. Yield = quantitative. 
The product is an amorphous, slightly coloured powder. It is pulverised for use in the next step. 

2. Preparation of 5,5'-dimethoxylaudanosine 



20 




20 



17 



10 



15 



20 



25 
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ifis 2 ; 3 Q £? im ^ and 3,4,5-trimcthoxyphenvlacctic acid arc heated together at 

carXlh shalln w SIS Pa f ,y pr "' Pitate , d Zi0C so to avoid emulsions, the is 

chloroform solution is redissolved in ether and the 
cmer lnioiu.oies are iiltered off. The ether residue does not crystallize on standing This amine u a 
gummy material wh.ch hardens on standing. The crude amine is used in the nex^tep 

3. Reparation of N-(3-chloropropyl)5,5'-dimethoxyIaudanosinium bromide 

sliohtlv 1 hmmnYihi C L4 , 8m = 4 mM iS dissolve d in 8 ml dimethyformamide bv warmine 

•imn y " t , - bro f mo : 3 ; chlo / r i>P r °Pane 1.2 gm (about 100% excess) is added and the mixture is left Tt room 

SOS 611 " 1 " Part ° fthC UnreaCtCd ^»»*«^^ 
The reddish-orange solution is treated with a large amount of ether and the orecinitated „immv 

4 - ^^&^fS^^" aN ^ ,y ^^" i ^^> 



10 



20 



CH 3 0 
CH.O 




CH 



X II 

oc 



3 0 OCH 3 




(CH 2 ) 3 



CH,0 

OCH- 



N-(3-chIoropropy!).S,5'-dimcthoxylaudanosinium bromide 2.1 gm=4m M 
30 Silver^-phenylene dipropionate 0.85 = 4 mM 

30 

H2 ° about 150 ml 

«™ T M*tt^ «-ng by hand from time to 

The mixture is cooled to room tempera u e I e^' ' 5 inh W ' th the ^^rnary bromide. 

35 dryness in a large dish on a sieam™ a* ^ the aqueous solution is evaporated to ,5 

steam ba.h (90°C). after which rearrange™ the % ef S comjfeie- ' " ab ° Ut 2 h ° UrS °" 3 





Rearranges to eater. KK194 



10 



EXAMPLE 7 

Pharmaceutical formulation (HH 1 10) is dissolved in water for injection to a concentration of 
mg/ml. The solution is then poured into 20 ml vials which are then sealed. 

EXAMPLE 8 

Sterile (HH 1 10) powder (100 mg) is aseptically packaged in 20 ml vials sealed with a rubber- 
stopper. T ^ n H ^| j l * Q rile water for in J ection is added to the vials in order to produce a 1 percent (10 mg/ml) 

EXAMPLE 9 

The compounds HH 1 10, HH 177, HH l2f, and HH 35 were each separately dissolved in 0 9 10 
percent saline at a concentration of 2 mg/ml. Cynomolgus monkeys are anaesthetised with halothane 
nitrous oxide and oxygen. The maintenance concentration of halothane was 1.0%. Arterial and venous 
catheters were placed in the femoral vessels for drug administration and recording of the arterial 
pressure. Controlled ventilation was accomplished via an endotracheal tube. Twitch and tetanic 
15 contractions of the tibialis arterior muscle were elicited indirectly via the sciatic nerve. Recordings of 15 
arterial pressure electrocardiogram (lead I), heart rate and muscle function were made simultaneously. 

EXAMPLE 10 

Bis.3-[N-methyl-l-(3,4-trimethoxyben2yl).6J-dimethoxy-l,2,3,4-tetrahvdroisoquinolimium] propvl 
w-phenylene-3,3'-dipropionate dimesylate is prepared in an ion exchange reaction by reacting H H 1 10* 
20 with silver mesylate. The dichloride HH 1 10 is dissolved in acetonitrile as is the silver mesylate The 20 
reaction mixture is stirred at room temperature for 30 minutes to form the silver chloride precipitate 
The mixture is filtered through filter paper to remove the silver chloride thereby leaving the mesylate 
salt in solution. The acetonitrile is then evaporated. 

The product is then dissolved in ethanol and filtered to remove residual silver mesylate The ethanol 
25 is then evaporated. 75 

EXAMPLE 11 

Preparation of bis-3-[N-methy!-l-(3A5-trimethoxybenzyl)-6J-dimethoxy-K2,3,4-tetrahydroisoquino- 
hniumj-propyl m-phenylene-3,3'-dipropionate diiodide tetrahydrate. 



N-(3-hydroxypropyl)-5'-methoxylaudanosinium iodide, 3.2 g, was dissolved in drv acetonitrile and 4 
30 g of molecular sieve #4, was added. After stirring for 24 hours at room temperature /w-phenylene 



30 
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d propionvMd.chlor.de [prepared by action of thionyl chloride on the known /,,-phenvkne dipronionic 
sieve St? Th' PPmg / ^ Chem -. Soc : V Ji ' } 1 0 78 8. was added followed bv another ^ of mo «ular 

drv„,fc mature was stirred for 24-^48 hours at room temperature, filtered and evaporu™ to 

5 ni?hv " S 'r " g T? ark -. br ^'V 0, i Which W3S diSSO,Ved in hot ethano1 and re-precipitaled as aSt town 

5 o.l by cooling. The o.l solid.fied to a light brown amorphous solid after drving. A 60^ yield was obtained < 

dioror,inn P H m ^ J a r ^ l ° prepare rdaled impounds bv substituting ^-phen JeSe 5 
tS^^^^r a — a " d N-O-hydroxypropyb-.audanosin^m io'did^orThe 5, 

EXAMPLE 12 

10 Preparation of N ; (3-hydroxypro P yI)-5'-methoxylaudano S inium iodide 

One gram of 5 -methoxylaudanosine [J. Russell Flack, L. L. Miller and F R 

The same procedure was used to prepare N-(3-hydroxypro P yl)-la'udanosinium iodide. 
EXAMPLE 13 

1 ,2,3,4-Tetrahydroisoquinolines 

auin^n^ ^h m h° UndS Wer ° P Te P* Ted b >' cyclodehydration of /i-phenvlethvlamides to 3 4-dihvdroiso- 

NH TnH was filtered, rmsed with petroleum ether, dissolved in water, rendered I alkaline w^S excL of 

m^htMnH X H ra Cd V ^ th H be -r n , Zene ; The S ° luti ° n Was thcn dried with sod ium sulphate fH tered and excess 
methyl .od.de was added. The solution was renuxed for 15 minutes, and then left tc s and af room 

m Moni Ure , tWdVe h ? ur \ The quaternary salt, dihydropapaverine methiodide P reci P kate° out 1 00 
mM of this quaternary salt .s then reduced by boiling with P m zinc dust in fifVT m i « ft i . 
concentrated hydrochloric acid for one hour" and filtered hoUo i -emo« unrelated c E^ces " 
ammonia is then added and the product is extracted with chloroform TtZ m , r ^ 

^<X"S W-i-*°xy P heny,ac g et,c ^ ^ 

mi^^i^ lelhylmiM 3-4-dimethoxyphenylacetic acid (to yield 5- 
meth^ (mescaline) and 3,4-dimethoxyphenylacetic acid (to yield 8- 

dimtthtytuSl 3nd 3 - 4 - 5 ---hoxy P heny.ace,ic acid (to y.e.d 5.5'- 

^^la^^^ and 3 ; 4 .^-t'->Pheny, 1 cet,c acid (to yield 8.5'- 
mio'n 360 ^ C ° mpOUndS are then reacted as in M«hods 1 to 4 to prepare the compounds of this 



20 
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30 



35 



40 



45 



25 



30 



35 



40 



45 



50 invention. 



=t,?ccS^^^^ 

55 of .he duration of action of each compound in each scried ^fma s D ur S o ^"def eJ^ne 
^ an ' fro "! d ™S !»J~tionio full recovery oflhe twitch respond of the ,ibia« an crio „ u c k 
The duration of acnon of these compounds in monkeys is more indicative of 
action of the compounds in man than studies done in othe!sned°s such as he c, H ? I 

60 hoff T """""""" ~ bdi " Cd '° b '° k " 'h^ro, "ed, 'an" „ d ° S me r Tp a-a 

pe^r^!^ 



50 
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TABLE 1 

Neuromuscular Blocking Potency of Selected 
Compounds in the Cynomolgus Monkey 



Compound 


Number of 
Animals 
Tested 


HD 95 * 
(Mg/Kg Cation) 


HH 110 


6 


0.5 - 1.0 


HH 177 


4 


0.5 - 1.0 


HH 121 


6 


2.0-4.0 


HH 35 


4 


2.0 - 4.0 


Succinyl- 
choline 


4 


1.0-2.0 


d-Tubo- 
curarine 


% 


0.2 - 0.4 



HD 95 means the dose necessary to produce 95 percent block of the 
twitch response of the tibialis anterior muscle stimulated in- 
directly at 0.15 HZ via the sciatic nerve. 



TABLE 1 (Continued) 

Neuromuscular Blocking Potency of Selected 
Compounds in the Cynomolgus Monkey 



Compound 


Range of Duration of Action 
(Minute From Injection to Full Recovery) 


HH 110 


5-8 


HH 177 


8-12 


HH 121 


4-6 


HH 35 


3-5 


Succiny 1- 




choline 


^ 4-6 


d-Tubo- 




curarine 


30 - 50 



CLAIMS 

1. A compound of the formula: 



5 




c 



where B and C are each 
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where m is 2 3 or 4. C h para or meta to B. n is 2, 3 or 4, R„ R 2 , R 3 , R 4 . Rj . R t and R , are the same or 
different and are each hydrogen or alkoxy of I to 4 carbon atoms, Y is lower alkyl of 1 to 4 carbon a oms 
^tl^^Z^Z^ ^ ^ ided < h *< « ^ ~ * *• ^ * «°- alkoxy and ' 
5 2. A compound according to claim 1 wherein C is meta to B 

3 A compound according to claim 1 or 2 wherein m = 2. n = 3, Y is methyl, one or two of R, to R 

a m r e e t h h y ot:?he n sssle methoxy and two or three of R > to r > - ™ L *>> ^ -° - 

in in ,!' A com P° und according to claim 3 wherein m = 2, n = 3, Y is methyl, R, and R 4 are hydrogen R, 
10 and R 3 are methoxy, and R and R 6 and R, are methoxy at the 3, 4 and 5 position of the phen vl ring 10 
5. A compound according to claim 3 wherein m = 2, n = 3, Y is methyl, R, and R 4 are hydrogen R 
and R 3 are methoxy, R } and R 6 are methoxy, and R, is hydrogen parogen, K 2 

R nn 6 d R C ,°rT P m Th d 3CCOrd /" g to l f , ^ m 3 where m = 2, n = 3, Y is methyl. R, is hydrogen, R 4 is hydrogen 
R } and R 6 are methoxy, and R 7 is hydrogen or methoxy. * 

15 hmrJiH^ C ? mpo . und ^cording to any one of claims 1 to 6 wherein X is iodide, mesylate, tosvlate 1 5 

bromide, chloride, sulphate, phosphate, hydrogen phosphate, acetate or propionate 

propji"^ 

20 propyl S^pt.^ , n 
propyfp^^ 
propy.^pL^ 

23 a) reactinT^ M C,aimed in °" e ° f C,ai ™ 1 to 1 1 whi <* comprises: 25 




with a compound of formula: 



b) quaternising a compound of formula: 




35 torZll ^ ^ ° f *' l ° R ' ^ ^ Mme meanin * aS in clain > ' ™ac tion with a compound of 

a(CH 2 ) n OOC(CH ? , m ^O^ CH ^- COO(CH 2 , n^ 

where J is halo and m and n have the same meaning as in claim 1 ; , 



; or 
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c) alkylating a ditertiary base of formula: 




(CH 2 ) n OOC(CH 2 ) 



T\ R? coocch^-k^^ 



wherein n, m and each of R, to R 7 have the same meaning as in claim 1 , or a corresponding mono- 
tertiary base where a group Y as defined in claim 1 is attached to one of the isoquinolinium nitrogen 
atoms, by reaction with an appropriate alkylating agent for introducing one or two Y groups as 
appropriate. 

1 3. A method according to claim 1 2(a) which comprises rearrangement of a salt of formula 



^(CH 2 ) m .COcj 



10 



15 



20 



25 



30 



35 



40 



wherein each of m, n, Y and Ri to R 7 have the same meaning as in claim 1 and Q is halo. 

14. A method according to claim 12 or 13 wherein Q is chloro, bromo or iodo. 

15. A method according to claim 12(a), 13 or 14 wherein the salt is heated. 

16. A method according to claim 15 wherein the salt is heated to from 90° to 140°C. 

17. A method according to any one of claims 12 to 16 wherein Q' is a silver carboxylate radical and 
Q is a halogen. 

18. A method according to claim 17 wherein the halogen is bromine. 

1 9. A method according to claim 12(a) wherein Q is hydroxy and Q' is carboxyl or a reactive 
derivative thereof. 

20. A method according to claim 19 wherein the reactive derivative is an acid halide. 

21. A method according to claim 20 wherein the reactive derivative is the acid chloride. 

22. A method according to claims 19, 20 or 21 wherein an inert solvent is used. 

23. A method according to claim 12(b) wherein J is iodo. 

24. A method according to claim 12(b) or 23~wherein an inert solvent is used. 

25. A method according to claim 24 wherein the reactants are heated to the reflux temperature of 
the reaction medium. 

26. A method according to claim 12(c) wherein the alkylating agent used is a reactive ester 
derivative of an alcohol YOH. 

27. A method according to claim 26 wherein the alkylating agent is an alkyl halide. 

28. A method according to claim 27 wherein the alkylating agent is an alkyl bromide, alkyl chloride 
or alkyl iodide. 

29. A method according to any of claims 12(c), 26, 27 or 28, wherein an inert solvent is used. 

30. A method according to claim 29 wherein the reactants are heated up to the reflux temperature 
of the reaction mixture. 

31. A method according to claim 12 substantially as hereinbefore described. 

32. A compound.as claimed in claim 1 when prepared by a process as claimed in any of claims 12 to 

33. A sealed container containing a compound as claimed in any one of claims 1 to 1 1 or 32 as a 
powder. 

34. The container of claim 33 containing 10 to 400 mg of said powder. 

35. A pharmaceutical composition for parenteral administration comprising a compound as claimed 
in any one of claims 1 to 1 1 or 32 and a pharmaceutical!}' acceptable carrier therefor. 

367 A composition as claimed in claim 35 in the form of a sterile solulion, suspension or emulsion. 

37. A composition as claimed in claim 35 in the form of an aqueous infusion fluid. 

38. A composition as claimed in claim 35, 36 or 37 in the form of a unit dose. 

39. A composition as claimed in any of claims 35 to 38 or a container as claimed in claim 33 or 34 
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conl 2;ningat least one bacteriostat, antioxidant, buffe 

imed in c 

m any one of claims I to 1 I or 32 as a" neuromuscular 



40. A pharmaceutical compo"siiio'n aTchime^n'T^ a S cn t- '"iekening agent or suspending agent 

41 . The use of a compounds ^claimed }™'*™- C lV™* S *»}>"™?Myj» described herein. 8 ' 



blocking agent. 
5 42. A salt of formula 



(CH 2 , m COO 



2 "S. f II T 2 




MOOC/.CHf ) 



10 wherein m is 2, 3 or 4 or an acid haiide thereof 
44. A compound of formula 



10 




Sm«?.?. C 5 mC "— " — M™*- 0, halo and Y' „ „. vdrogen or 



wluch copies may be obtaS " d ° n - WC2A 1A ^'- from 



